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ABSTRACT
Over the last two decades, manufacturing expertise and quality have been a prime
focus of most companies. As the playing field becomes more level in these areas,
however, more companies are looking for other sources of competitive advantage. One
area which has come under increasing attention is that of product development.
This thesis researches methods for increasing the effectiveness of product
development teams. It looks at ways to enhance the ability of these teams to deliver a
product with a high degree of customer satisfaction in a compressed amount of time. The
author spent six months at a consumer product company where a case study was done on
the use of a product development tool called quality function deployment (QFD).
Implementation and effectiveness issues of QFD were researched, with the conclusion that
QFD is a useful tool for structuring the product development process, but that it must be
used as part of an overall project strategy, and not as the main strategy itself
Also researched was whether or not design team participation in customer
interviews would affect the team members' commitment to and alignment with customer
needs. Although a detailed research design was planned and carried out, no statistically
conclusive results could be determined from the data. The author speculates that one of
the major drivers of these inconclusive results was the team's focus on schedule. This
time-to-market pressure was studied in more detail in order to determine its root causes.
The research indicates that for many product development projects the root causes of
time-to-market pressure span the whole hierarchy of the company, and this hierarchy can
be broken into four levels: the level of the firm, level of the project, level of the individual,
and level of the task.
Thesis Supervisors: Don Clausing Adjunct Professor of Engineering
Steve Graves Professor of Management Science
Thesis Advisor: Gary Burchill LFM Research Affiliate
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Chapter 1: Introduction and Summary
CHAPTER 1: INTRODUCTION AND SUMMARY
1.1 Thesis Overview
The main driver behind this thesis is straightforward:
How can product development teams be made more effective at bringing
successful products to market?
With the increasing globalization of markets, competition has become fierce, and
product development teams are coming under increasing pressure to become more
effective. This translates into being able to develop a product which meets the attnrbute
requirements of the customers at a cost, quality, and delivery schedule that even a few
years ago would have seemed difficult to reach.
In this thesis, the author will talk about some methods that were looked at to try to
increase the effectiveness of a product development team. By using as an example the
team that he worked with for six months, he will document some of the advantages and
disadvantages of the use of a particular structured development tool (quality function
deployment or QFD) and look at how engineering participation in customer interviews
might affect the effectiveness of the development team
There are seven chapters in this thesis. Chapter 2 discusses the history of the
single-use camera and the current project. Chapter 3 outlines the research plan for the
project. Chapter 4 details the actual work that was done on the QFD portion of the
project, while Chapter 5 documents the research done on contextual awareness and
common understanding. Chapter 6 talks about root causes of time-to-market pressures.
This topic was not in the original research design outline, but due to its prevalence on this
9
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project and its affects on the team, the author felt it was an important subject to discuss.
Finally, Chapter 7 summarizes the conclusions from the thesis work.
1.2 Motivation for Thesis
In deciding what to write a thesis on, the author looked at his past experience in
product development. This past experience pointed out the difficulty for a product
development team to efficiently determine the needs of the market and then successfilly
deploy those needs to the actual design. Another difficulty previously encountered was
how to get alignment and commitment among the team members towards those needs.
When the opportunity arose to pick a thesis topic, the chance to work on methods to solve
these challenges came to mind. Thus, the purpose of this thesis is to try to answer two
questions:
Can the use of a structured product development tool enhance the effectiveness of
a design team? Here "structured" is defined as a set of basic steps and processes
that is listed for the design team to follow (for instance, customer perception
testing, technical benchmarking, etc.)
* How can the project team become better aligned and committed to the needs of
the marketplace? "Aligned" is defined to mean that the project team members
have a common ranking of the needs within the team. "Committed" refers to
whether or not the team members have a common ranking of the needs with
respect to the customer's rankings. Specifically in this thesis, the author has
looked at whether this alignment and commitment can be increased through the
design team becoming involved in customer interviews, and through the use of a
structured product development tool (QFD).
By working for six months with a product development team at a major
manufacturer of consumer products, the author worked to answer the above questions by:
1) implementing a structured product development tool within the team and determining
how it impacted their work, and 2) having the design team be involved with customer
10
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interviews and measuring whether this involvement affected the alignment and
commitment of the team.
1.3 Summary
During the work at the author's internship site, numerous advantages were seen for
using a structured product development tool such as quality function deployment.
However, while such a methodology can help product development teams, it is not a
necessity for developing a successfil product. Rather, if integrated properly into the
culture of the group, it should be seen as a means for competitive advantage.
The research on contextual awareness and improving common understanding
yielded no conclusive results. The main drivers of this lack of results was the research
design approach that was taken, as well as the difficulty to measure changes in market
orientation due to the strong emphasis on getting the product to market quickly. This
strong time orientation in the project team led the author to explore more in detail some of
the root causes for time pressures within a product development team. These causes are
determined to stem throughout the hierarchy of a company, which means that steps can be
taken across all levels, not just the team itself in order to decrease time-to-market
pressures.
11
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CHAPTER 2: SINGLE-USE CAMERAS
The area that the author worked in during his internship manufactures single-use
cameras. These products, also sometimes referred to as "disposable" cameras', are
products which package 35 mm film into a low-cost, plastic and cardboard outer box.
After use by the consumer, the camera is returned to a photofinisher, where the film is
removed and processed, and the camera is sent back to the manufacturer. In order to help
understand the dynamics of this market, the history and current state of this consumer
product are outlined below.
2.1 History
The concept behind a single-use camera is simple, sell relatively inexpensive
cameras with pre-loaded film. The consumers will then return both the camera and film to
the photofinishers, where the film will be developed and returned to them, and the camera
will be sent back to the factory for refurbishment and reuse. While single-use cameras
have seen increasing in popularity in the last eight years, the concept is not new. In fact,
the basic idea behind these cameras is rooted in the beginnings of the largest photographic
film company in the world.
In 1888, a tiny company in New York called the Eastman Dry Plate and Film Co.
introduced a product that was to change the face of photography. It was called the
Kodak. This product, which was patented by George Eastman and manufactured by
George Brownell, was a plain box camera which cost $25 and came pre-loaded with
enough film for 100 exposures. The driver behind the success of this product was in the
1 Prior to 1990, this designation was accurate, since the cameras were disposed of after use. Since that
time, though, a recycling program has been instituted which reuses or recycles a large percentage of these
cameras.
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understanding of the need in the marketplace to have a simple to use camera. Although
cameras had been around for almost five decades, it was with the advent of the Kodak that
photography became a mainstream hobby. The reason can be summed up in the
advertising slogan used to promote the camera:
You press the button, we do the rest.
After consumers took all of their pictures, they would send them and $10 in to the
Eastman Dry Plate & Film Co. where the film would be processed, and the mounted
photographs and reloaded camera would be sent back to the consumer. Upon using up
the next 100 pictures, the camera.could then be returned to the company, where again for
a fee of $10, the same process would be repeated. Whereas for the Kodak, you actually
received your own camera back (the cameras were made of wood), with today's single-use
cameras you only get your prints and negatives back. The method for getting "your"
camera back in today's single-use camera market is to return to the store and purchase
another single-use camera.
Over the next century, a variety of manufacturers would enter the "single-use"2
camera market. In 1917, Harold Moxon filed a patent for a simple camera, "Loaded with
a roll of single film at a low price." In the late 1940's, the Picture Box was introduced and
appeared to be based on a 1947 patent which claimed a camera which would be "of simple
manufacture and easy to operate, and which can be sold filly loaded with film " In 1950,
a patent was applied for a cardboard camera which would be returned to the manufacturer
for processing and printing. The pictures and negatives would be returned to the
customer, while it appears that the camera was designed to be recycled.
2 The term "single-use" camera is a recent invention and came about mainly as a way of getting away
from the nightmare term (for marketing) of "disposable" camera.
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In the late 70's and early 80's, though, there was relatively little activity in the
single-use camera area. For the large photographic companies, explanations for the lack
of exploitation of this market ranged from "it's just a niche market" to "it will cannibalize
our film sales." In July of 1986, however, Pandora's box was opened and the Fuji Photo
Film Co., Ltd. of Japan introduced the Fujicolor Super HR 100 "Film-With-Lens." This
camera utilized the industry-standard 110 film format cartridge inserted into a slightly
larger plastic and cardboard camera. Kodak quickly followed with a product of its own,
the Fling camera. Approximately a year later, Fuji introduced a 35 mm version, which
promised higher quality pictures than its 110 predecessor. Again, Kodak's development
team followed quickly with its own version. The emergence of the modern era of single-
use cameras began (see Figure 2.1 for a synopsis of the history of single-use cameras).
Table 2.1 Highlights of the Single-Use Camera Concept
2.2 Today
Since the introduction of the "new" single-use camera in 1986, sales of this
product have grown at a phenomenal rate of between 30-50% per year [1991/1992 PMA]
in the U.S. (see Figure 2.1)
15
1888 Eastman Dry Plate and Film Co. introduces the "Kodak," a camera which is
pre-loaded with film and which is returned to the manufacturer after use
1917 Patent filed for a camera "loaded with a roll of single film at a low price"
1947 Patent filed for a camera "of simple manufacture and easy to operate, and
which can be sold fully loaded with film"
1986 Fuji introduces the HR100 "Film-with-Lens" camera, ushering in the new era
of single-use cameras
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Figure 2.1 U.S. Sales Figures for Single-Use Cameras
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Yet, even with this high rate of growth in the U.S., the Japanese market is still the
largest. In 1992, estimated sales in Japan were 55 million. While these two markets
represent the large bulk of the single-use camera market (Europe lags by quite a bit --
many speculate this is due to the environmental issues surrounding the camera), other
markets are being looked at as possible high growth areas for the future. Thus, what
started out as a product which many thought would be a niche market, has grown to be an
expanding and profitable product.
2.3 Innovation and Product Development Within Single-Use Cameras
Today the market for single-use cameras has surpassed what most people would
have imagined back in 1986. No longer is it seen as a market niche, or even as a cannibal
of traditional film sales (market research shows that a large percentage of single-use
camera pictures are "incremental" picture taking opportunities, which means that the
16
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consumer would not have taken the picture otherwise). Single-use cameras are now being
viewed as a profitable product line in and of themselves. Beyond this, they are also being
viewed from a more strategic role as well. With film becoming more of a commodity
item3, single-use cameras are seen as a way to differentiate the product name and to help
gain shelf-space and distribution channels in new markets or in crowded markets (such as
Japan). Because of the profits to be made, and due to the strategic advantages of having a
single-use camera, almost every major film-related company (Agfa, Fuji, Kodak, Konica,
Polaroid, 3M, etc.) has begun to either manufacture their own cameras or to purchase
them from an original equipment manufacturer (OEM). Also, a large number of discount
stores (K-Mart, CVS, etc.) are private-labeling cameras bought from a variety of OEM
suppliers (mostly located in the Far East).
With this increasing pressure from a variety of competitors, simply having a single-
use camera on the market is no longer a mark of differentiation. Rather, innovation in the
product is becoming more and more a factor in gaining share as well as in increasing the
market that is out there. Yet, this is becoming more difficult. Since the introduction of
the single-use camera back in the mid- 1980's, innovation in single-use cameras has
followed an S-shaped growth curve (see Figure 2.2).
3 A recent issue of Consumer Reports which rated films showed that there was very little perceptible
difference between brand name film and private-label film.
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Figure 2.2 Growth in Market Innovations within Single-Use Cameras
Market Innovations
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This curve is a representation of the level of the innovative concepts that have been
introduced into the marketplace by all manufacturers since 1986. Table 2.2 below shows
a list of these first introductions. Different weights were given to each new introduction
based on the estimated market innovation of the product (based on author's opinion).
Table 2.2 Innovations in Modern Single-Use Cameras
Date of Introduction Product Innovation Level
6/86 110 Daylight 10
6/87 35mm Daylight 8
12/87 Flash 10
4/89 Panoramic 5
Underwater 5
Telephoto 5
11/92 HDTV Format 2
2/93 Portrait 4
4/93 Super 800 4
11/93 Switchable Pan 3
18
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With the first introduction of the cameras in 1986, innovation was stable for a
short period while logistical problems with manufacturing and shipping a new product
were ironed out. As increasing sales proved that the product was viable, and as the
organization could focus more of its resources on product development and determining
market needs, rapid innovations began to occur. In quick succession, a variety of new
product introductions were seen: flash cameras, underwater cameras, panoramic cameras,
etc. These new products truly differentiated the manufacturers who first introduced them,
with a corresponding ebb and flow in market share. However, as time has progressed, the
magnitude of new innovations has slowly begun to taper off. While there are still
innovations being introduced (e.g., switchable panoramic camera, portrait camera, etc.),
the "vast, untapped" market for radically new ideas has been reduced.
A visual analogy of this discovery of new innovations is shown in Figure 2.3.
Similar to an oil well dig, the first "field" of innovations lies near the surface and is easy to
tap into once it is discovered. This field accounts for the initial rapid growth of
innovation. As this find is depleted, traditional market research techniques are used to dig
deeper to find new fields. However, eventually these new finds are depleted. In order to
discover and exploit new innovations, new techniques and tools are required. In this
thesis, examples of these tools are 1) structured methodologies such as quality function
deployment, and 2) "contextual awareness" methods such as customer interviews.
19
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Figure 2.3 Depiction of Innovation within Single-Use Camera Market
2.4 Current Project
As the market has grown, competition has increased within the single-use camera
field, and the division has assembled a new team of people to begin development on its
next camera. This team consists of a core team made up of three camera designers, two
engineers, one marketing person, and one business research person. Beyond this core
team, there are a number of people who have been called in to focus on issues ranging
from manufacturing, packaging, industrial design, etc. The make-up and organization of
this team was a definite change from the previous development teams for single-use
cameras. This shift has occurred mainly because of upper management's shift in attitude
towards the importance of single-use cameras. With this increased awareness, more
resources have followed.
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Unfortunately, with the increased amount of people working on the project, the
core team has an increasing number of inputs. The effect of this increase can be to mis-
align the team members with respect to each other and with respect to the customer needs.
Figure 2.4 Effect of Various Group Inputs ("Magnets'9 on Alignment
PadmgingMgt
M agneMawnt
* 10 
Customer
Needs
hdutrlDeign
Man e
This is shown pictorially in Figure 2.4 as different "magnets" pulling the team
members in different directions. Thus, it is important to find a way to increase this
alignment (see Figure 2.5) since a focus on the customer produces more successful
products [Shiba et al 1993].
Figure 2.5 Desired Effect of Various Group Inputs
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CHAPTER 3: RESEARCH DESIGN
For this thesis, the object was to look at determining methods to help increase the
effectiveness of the design team. Three concepts were researched to determine if they
would help improve this effectiveness. First, a particular type of structured product
development tool (quality fimction deployment) was implemented for the first time in the
design process. The author was involved in implementing this tool. During that time he
surveyed, interviewed, and observed the project team to determine what benefits could be
derived from the tool, and what pitfalls should be avoided.
The second concept that was researched was how to help the design team develop
a better commitment to the market needs. One idea on how to gain this commitment is to
find ways to extract "sticky" data from the marketplace [von Hippel 1990]. Sticky data is
defined as information that is difficult or impossible to replicate and diffuse back to other
organizations (this concept will be explained more in Chapter 5). Previous research
[Burchill 1993] has proposed that by more closely interacting with the customer, this
sticky data can be directly transferred to the design team and the team will become better
aligned and committed to the needs of the marketplace. This interaction, or "contextual
awareness" [Burchill 1993], can range from customer interviews to focus groups to
actually observing the customer use the product in their home environment (see Appendix
A for more detail of these levels of contextual awareness). For this study, the contextual
awareness consisted of customer interviews.
The third concept that was looked at is closely related to the second and involved
studying how to align the team members with each other. The purpose was to determine
if a product development methodology such as QFD would help the team members to
have a "common understanding" of the customer needs (alignment).
23
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This thesis chapter outlines the research design used to test the above three
concepts. In Chapters 4 and 5, the results of this research are presented.
3.1 QFD Case Study
Quality function deployment (QFD) is a product development tool that has gained
increasing attention over the last few years. In a few words, QFD is a set of planning and
communication routines to aid in developing new products (see Chapter 4 for a more
detailed description of QFD). While research has been done [Griffin & Hauser 1992]
which shows the effectiveness of this development tool, the author's efforts focused both
on the implementation issues as well as the effectiveness issues of QFD. This was based
on the knowledge that "you can't hit the ball if you don't swing the bat."4 In other words,
the tool has to be accepted and implemented by the team before they are going to use it to
increase the effectiveness of the team. By discussing in this thesis some of the barriers
associated with getting the team to accept the tool, the author hopes to make it easier for
future implementors to understand the obstacles they will face and to make it easier for
their teams to "swing the bat." In the QFD portion of this thesis, two sub-topics were also
looked at:
1. what barriers can exist in implementing QFD or other types of product
development process?
2. what are some of the advantages, criticisms, and disadvantages of QFD?
It is this QFD portion of the author's research design that is the less academic of
the two since the goal of implementing the QFD process at the internship site was to help
the current design team develop the new product, and not merely to gain data for a thesis.
4 Original source unknown, but for the author the source can be attributed to his little league baseball
coach.
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Thus, the implementation process was geared more towards the realities of the situation,
and less towards a rigorous test of a hypothesis. Still, the insight gained from this process
(and explained in Chapter 4) should be useful for future implementors.
3.2 Contextual Awareness Hypothesis
The first hypothesis that was proposed for this thesis was that contextual
awareness (team members observing and being involved with the customer interviews)
would increase the members' commitment to customer needs. It is the goal of this thesis
research to determine if contextual awareness can ensure the team members' commitment
to the customer needs. The method for testing this hypothesis involved the following
battery of "tests".
· Before/After "Customer Reference" Test
· Before/After "Perceptual Map" Test
· Before/After "Top Ten Customer Needs" Test
The "before/after" refers to the fact that the tests were run both before and after the design
team attended the customer interviews. This before and after data was then compared to
each other to determine if there was more commitment (measured in various ways) to the
customer needs.
3.2.1 Before/After "Customer Reference" Test
Following is a list of the process steps that were taken for the customer reference
test.
25
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3.2.1.1 Before Interviews
This consisted of interviews with the design team both before and after the team
members attended the customer interviews. These were one-on-one interviews between
the author and the team members. They lasted about 30 minutes each and during the
interview the author took detailed notes. The goal was to document the number and
"strength" of the team members' references to customer needs (thus the name "customer
reference"). Each interview was conducted with a standard set of questions which
pertained to the design process. These questions were structured such that they would
give the interviewee opportunities to mention customer needs, yet they were not direct
probes for customer references. The questions for the before and after team member
interviews were almost exactly the same. The "before" questions are shown in Table 3.1.
Table 3.1 List of Questions Posed to Team Members Before Customer Interviews
3.2.1.2 Customer Interviews
Following this first set of team member interviews, the members observed
customer interviews that were conducted in Buffalo, NY and Dallas, TX. For the Buffalo
interviews, all of the core design team except the marketing representative attended. This
included the two engineers, three designers, and business research person. Five others
attended as well (representing industrial design, film manufacturing, engineering
26
1) Describe a timeline of what has happened in the MeetComp project?
2) What do you see as the design objectives for the project?
3) What is the goal of the MeetComp team?
4) What do you think are the strengths of this project team over previous SUC
project teams?
5) As you are doing design work, what do you think about in order to help you focus
on the task at hand?
6) If you could strengthen one "function" (marketing, engineering, etc.) of the
MeetComp team, which would it be? Why?
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management, advanced development, and human factors). Due to cost and time issues,
the Dallas interviews were attended by a smaller group consisting of two designers, two
marketing personnel, an industrial designer, and the business research person. The only
overlap between the two groups was with the two designers and the business research
person. It was felt that any discrepancies between the Buffalo and Dallas interviews or
new insights from the Dallas interview would be communicated by these three personnel.
In light of the concept of "sticky" data, however, this may be a false concept and will be
discussed in more detail later.
All of the above events were coordinated by the business research person in
conjunction with an outside marketing research firm (here referred to as BNT). This firm
had done previous work with the company on collecting the Voice of the Customer
(VOC) for all types of cameras. The new effort that the team was participating in
involved the same type of process but was to be focused on collecting the VOC
specifically for single-use cameras. The logistics were that BNT would pre-screen
candidates for interviewing and would set up a series of one-on-one interviews in both
Buffalo and Dallas.
Questions to be used in the actual interviews were solicited from all the team
members and were discussed in a meeting, and then given to BNT. On the day of the
interviews, the designated team members showed up at the interview sites and watched the
BNT personnel conduct interviews of approximately eight consumers. The members
could watch the questioning sessions either through a two-way mirror or through a video
link in another room (the two-way mirror seemed to be preferred by most members since
it gave them better "contact" with the customer). All of the interviews were done by two
BNT personnel.
The idea had been put forth to the team by this author that the engineers and
designers themselves should conduct the interviews. This would allow them during the
interview to immediately follow up on items of interest that the consumer might raise. This
27
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should give a more enriching interview since the professional interviewers, although well
briefed, still do not have the experience with the product to know when a comment by a
consumer should be pursued. This idea of having the engineers and designers do the
interviews was briefly discussed a few weeks prior to the Buffalo interviews, but was
decided against by the team because the members felt that they did not have the
experience in conducting interviews, and also because they did not feel that they could
spare the time for training and preparation. The members felt that even with training, they
would not be able to be as efficient as the professionals. However, after the members
actually attended the sessions, it appeared that some of their concepts about interviewing
were dispelled, based on comments that were made, and they may be somewhat more
comfortable in their ability to conduct their own interviews in the future (afer the proper
training has been given).
To compensate for the fact that the engineers were not able to immediately follow
up on interesting comments that the consumer made, a procedure was used in the
interview where at the end, the BNT employee would exit the interview room and come
back and ask the members if they had any questions that they would like answered by the
interviewee. The BNT employee would then reenter the room and ask the questions.
While this satisfied many of the members' questions, there were times where items of
interest were not probed as extensively as the team members would have preferred.
3.2.1.3 After Interviews
After the Buffalo and Dallas interviews, the members were again interviewed by
the author, the questions which were used were very similar to the "before" questions and
are shown in Table 3.2.
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Table 3.2 List of Questions Posed to Team Members After Customer Interviews
3.2.1.4 Method of Analysis
Following the before and after interviews, the transcripts were reviewed by the
author to determine the number of customer references that were made during the
interviews. The assumption is that more customer references indicated a higher
commitment to the needs of the marketplace. In other words, if the member is
continually talking about the camera design in terms of what the customer wants,
then there is a close alignment with that customer.
Recognizing that there are different types and strengths of customer references,
however, a subjective scale was used to categorize them. This scale is listed in Table 3.3.
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1) Describe the important events that have occurred over the last month, since we
last interviewed.
2) What do you currently see as the design objectives for the project?
3) What is the goal of the MC team?
4) What do you view as the strengths of this project team over previous SUC
project teams?
5) With all the varying design sub-teams feeding you requirements (pkg, mfg, etc.),
how do you help yourself focus on what the best design route to take is?
6) If you could strengthen one "function" (marketing, engineering, etc.) of the
MeetComp team, which would it be? Why?
7) What were the reasons for the formation of the MC platform team, and have you
seen any minor or major changes in the reason for the existence of the team?
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Table 3.3 Subjective Scale of CUSTOMER References Used to Code Team Member
Interviews
The transcripts were reviewed and customer references were coded as type I, II, or
mI. The results were then tabulated to determine if there were any significant differences
between the before and after interviews. The results from this research are discussed in
Chapter 5.
3.2.2 Before/After "Perceptual Map" Test
In this research, the team members were given surveys to fill out in order to
determine how they ranked certain attributes of the companys camera with that of the two
main competitors. Each manufacturer's camera was ranked on a scale of 1 to 5 of how
well it met the particular customer attribute (for example, "sharp, clear pictures"). The
survey used was the same one distributed to over ninety customers in the customer
perception testing for the QFD matrix.
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Type I Reference - These are references that the team members make to customer
needs based on their first hand experience with the customers
(through some sort of contextual awareness activity).
Example: Team member -- "We need to do something with
the look of the device for the younger generations. But
[based on the interviews we saw] the older people could care
less [about looks]."
Type H Reference - References that the team members make to customer
requirements that have been generated through some type of
marketing research (in which they were not involved).
Example: Team member -- "The surveys come out with it, we
come in third with respect to looks and size."
Type m Reference - These are simply vague references to the "market" with no
external customer input to back it up
Example: Team member -- "Our products don't look as nice.
If we don't think they look as nice, then the consumers won't."
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The results for the team members were measured before and after the customer
interviews to determine if the interviews affected how they perceived the different cameras
compared to each other. The purpose here was to determine if the team's opinions were
dramatically affected by interacting with the customer.
3.2.3 Before/After "Top Ten Customer Needs" Test
Before and after the customer interviews, the design team ranked what they
considered as the top ten customer needs. These top ten lists were analyzed to determine
if the interviews caused the team members to have common top ten rankings.
3.3 Common Understanding Hypothesis
Another important aspect attributed to successful design teams is that of alignment
among the team members. Peter Senge states in his book The Fifth Discipline, "The
fundamental characteristic of the relatively unaligned team is wasted energy."
Project teams whose members have a common understanding of the needs of the
marketplace and of the goals of the project will be more effective. The hypothesis that
was proposed for this thesis was that by working closely with the customer needs through
a process such as QFD, the team members will have a higher common understanding of
the needs. For this hypothesis, a second team was used as a control group to determine if
there might be outside factors (published reports, general shift in management attitude,
enhanced overall communication, etc.) which might have affected the results. This control
group consisted of members of the current single-use camera manufacturing group. The
method for testing this hypothesis involved the following "tests".
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3.3.1 Team 1/Team 2 "Definition of Customer Needs" Test
With this test, the main purpose was to check for alignment by determining if team
members had the same common definition of the customer needs. The steps were to
present both teams with a list of a few customer needs. Underneath each need there were
a few different interpretations of what that need might mean (see Table 3.4 below for an
example and Appendix B for the complete survey). Each team member checked off how
well that definition defined that particular customer need (from a scale of 1 to 7). These
results were then analyzed to determine if having worked with the VOC gives the team
common definitions of the customer needs.
Table 3.4 Example Question from "Definition of Customer Needs" Test
How much do you agree/disagree that the given definition defines the customer
need?
Customer Need Definition
1) Camera gives me sharp/clear pictures Picture is not blurry.
Strongly Strongly
Disagree Agree
1 2 3 4 5 6 7
3.3.2 Team 1/Team 2 "Perceptual Map" Test
This is the same test as outlined in section 3.2.2. However, for this hypothesis, a
second team was used as a control group to measure whether or not any outside factors
may have influenced the attitudes of team 1, other than the customer interviews or
working with the QFD process.
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3.3.3 Team 1/Team 2 "Top Ten Customer Needs" Test
This is the same test as outlined in section 3.2.3. Again, this is done in comparison
with a control group to determine if other factors may have changed the teams' attitudes
towards the most important customer needs.
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CHAPTER 4: QUALITY FUNCTION DEPLOYMENT
This chapter describes a structured product development tool, quality function
deployment, and looks at how it was applied to this particular project. It concludes with
some of the advantages, criticisms, and disadvantages of QFD.
4.1 QFD
4.1.1 Background
QFD, or quality fiunction deployment,5 is a product development tool that acts as a
set of planning and communication routines. It focuses and coordinates commonly used
product development processes (benchmarking, market research, etc.).
QFD is an approach to product development which originated in Mitsubishi's Kobe
shipyards in 1971 and which was then developed by Toyota and its suppliers [Hauser &
Clausing 1988]. During the 1970's and the early 1980's, a variety of Japanese companies
used this tool to enhance their product development effectiveness. It was not until the
mid-80's that QFD was introduced to U.S. companies [Hauser & Clausing 1988]. Since
that time it has become a rather well-known concept, if not always a well-utilized one.
The basic theory behind QFD is that it is a toolfor guidance (see Table 4.1). It
must be utilized with a number of other management and technical tools (strategy
planning, rapid prototyping, design of experiments, etc.) to produce an effective
development team. It should be used for guidance, and should not be thought of as a sort
of spreadsheet that "spits out" an answer. Human judgment and leadership must be
utilized to make the matrix effective for a product development team.
5 The name quality function deployment comes as a result of one way of interpreting the Japanese name
for the process. Many people feel that the name is somewhat confusing in that it really is hard to interpret
the exact meaning of the process from the name. Suffice it to say that the author agrees.
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Table 4.1 Questions for Which Companies Need a Guidance Tool [Cohen 19881
· How can we translate vague, non-measurable customer requirements into specific
product development activities?
· Which product features contribute most to a particular quality attribute (such as "ease
of use" or "highly reliable' )?
· How do design tradeoffs affect the overall customer perception of the product?
· Which features and functions should receive the greatest attention?
· How should we balance the priorities of short-term selling features against long-term
customer satisfaction requirements (such as "style" vs. "quality ofpicture')?
4.1.2 Description
Whole books and articles have been written about the QFD process, and many of
these are referred to in the bibliography. However, a brief introduction will be given here
so that the reader may have a basic knowledge of the methodology.
QFD is in its simplest form a set of planning and communication routines which
focuses and coordinates skills within an organization [Hauser & Clausing 1988]. Its goal
is to focus the team on the needs of the marketplace and help them make the tradeoffs
between cost, quality, and delivery. It accomplishes this by using the voice of the
customer to help set technical targets for the design, and by setting up a process to ensure
the most efficient use of benchmarking resources. These benefits, combined with the
process's facilitation of cross-funimctional teamwork through visual decision-making
processes, and its organization of important information in one location, make QFD a
useful tool when applied properly. The basics of QFD are outlined in Table 4.2.
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Table 4.2 QFD Process Description
QFD organizes the data that is collected into a matrix format. Each of the
different areas of the matrix are referred to as "rooms" and the overall matrix itself is
referred to as the "house" (because of its distinctive look) and is often referred to as the
"House of Quality" (see Figure 4.1).
Figure 4.1 Eample of QFD Matrix
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What?
. Tool for planning and communication
Why use it?
· Focuses team on designing products to reflect customers desires and tastes while
making the necessary trade-offs
How does it work?
· Deploys the needs of the customers all the way through to the target specifications
· Helps plan benchmarking activities
Room 6
Room 4Room 1
Room 2
Room 3
Room 5
Room 7
.
Chapter 4: Quality Function Deployment
Room 1 Customer Requirements -- requirements for the product as stated by
the customers.
Room 2 Engineering Metrics -- technical measurements which describe the
product in measurable terms and which should directly affect customer
perceptions.
Room 3 Relationship Matrix -- indicates how much each engineering metric
affects each customer requirement. This is based on engineering
expertise, customer responses, and tabulated data from statistical
studies or controlled experiments.
Room 4 Customer Perception Benchmarking -- involves collecting
information and mapping out how your product compares with the
competition on the most important customer requirements (as listed in
room 1).
Room 5 Technical Benchmarking -- utilizes the engineering metrics to
measure how well your product compares with the competition.
Room 6 Roof matrix -- this matrix shows where there are conflicts or synergy's
between the different engineering metrics and can help the team make
tradeoffs.
Room 7 Targets -- the target specifications for the product
By utilizing the QFD matrix as one tool within the product development team, the
group should be able to deploy customer needs down through to the engineering
requirements.
4.2 Product Development at the Internship Company
The company that this author spent his internship has established a product
development process in their equipment division which they refer to as the Equipment
Commercialization Process (ECP).6 This process lists a series of phases and gates which
all product development teams must go through. The basic flow of this is shown in Figure
4.2.
6 The ECP was based on the work of Professor Don Clausing and his Total Quality Development process.
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Figure 4.2 ECP Process
Design
Implementation
Stage
Manufacturing
Implementation
Stage
Gates Gates Gates
This sort of standardized process is becoming more common among larger
companies, with the ECP being utilized by other companies as a benchmark [data
collected by author]. While this methodology is useful as a checklist to ensure that all
major elements in a product development cycle are considered, it is not meant to be a
"cookbook for success". Rather, it is similar to being given a copy of the football rule
book -- the team now knows the major issues that they have to consider, but it is still up
to them to map out the game plan that will work best for their situation.7 This is
recognized within the ECP and the process calls out for a series of "Best Practices" (or
tools) to aid the team in meeting the goals of the ECP. A sample of these practices is
listed in Table 4.3.
7 Football analogy used without the consent of the NFL.
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Table 4.3 Examples of ECP "Best Practices"
The ECP process has evolved to its current state over many years, and it is
continuing to evolve at present. It has come to be a method to capture organizational
learning within the product development function at a general level. As Ray Stata of
Analog Devices states -- "the rate at which organizations learn may become the only
sustainable source of competitive advantage especially in knowledge-intensive businesses"
[Senge 1990]. Companies are continually searching for ways to ensure this advantage,
and the ECP as one way of doing that. By listing questions that the team asks itself at
different stages throughout the project, it seeks to ensure that lessons learned from past
project teams are taken into consideration. These questions range from the obvious
("How will the customers use the product?"), to questions which are not usually at the
forefront of the team's consideration ("Are the regulatory approvals for worldwide
markets completed?").
4.3 Current Project
The current project that the single-use camera group is working on has been driven
mainly as a response to competitive pressures in the marketplace. While in the process of
a major redesign of their camera line (which was introduced in June 1993), the
competition introduced a new line of cameras which the company felt would put even the
redesigned camera at a disadvantage in the marketplace. With the single-use camera
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· QFD
· Customer Acceptance Testing
· Pugh Concept Selection
· Benchmarking
· Reusability Matrix
· Taguchi Design of Experiments
· Multifimctional Teams
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group having recently been elevated in status through a reorganization and the naming of a
vice-president to head the groups, it did not take long for significant resources to be
allocated to a new product development team. The core of this team consisted of two
engineers, three product designers (personnel proficient with CAD systems), one
marketing representative, and a business research person. These were the people who
were committed full-time to the development of the product.
When the project was begun, the author was already at the internship site and had
the opportunity to be involved with the development team. The project management
recognized that they needed some method to incorporate the voice of the customer into
the design of the new product. In the past, there was no formalized procedure within the
group for doing this. Although QFD was familiar at the company, it had been rarely used
in the camera design area, and never used in the single-use camera area. The business
research representative and the author talked with management about trying to use the
process for the new project. Management agreed to utilize it for the current project.
They also recognized, however, that due to schedule pressures the fill benefits of QFD
would not be seen on this project, but they would look towards future projects as reaping
the benefits. This meshes well with information which states that "QFD is better at
providing (perceived) long-term benefits to the firm and that firms should guard against
asking too much too soon from QFD in terms of quantifiable outcome measures" [Griffin
& Hauser 1992]. With the go-ahead from management, the QFD process began to be
implemented. The plan for the process is outlined in the next section.
8 The reorganization included a commitment of significant personnel resources to the single-use camera
group - including a variety of support functions, such as industrial design, advanced development, human
factors, etc. Although these resources had been available to the group prior to the reorganization, they
had not been specifically committed to the group as they now were.
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4.3.1 Outlined Plans
The plans were that the implementation of QFD would be used as a training run
to see how such a product development tool could be utilized in the design of single-use
cameras. The business research person and this author were to act as the facilitators for
the team, introducing the basics of the process to the team and to management. Figure 4.3
shows the memo that was given to management outlining the plans for the QFD
implementation.
Figure 4.3 Memo to Management Outlining QFD Implementation
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To: Management
From: Author
Date: August, 1994
QFD Plans for Single-Use Camera Group
During the internship, I will work with the core team (e.g., engineering, design, marketing/business
research) to gather the QFD information needed for the design of a SUC. Besides this core team, other
personnel (assemblers, purchasing agents, suppliers, etc.) would be looked to for assistance throughout.
The most important step in this process is to get buy-in from the team and from other personnel in the
organization. If people understand the process and feel a part of it, they should be more willing to accept
its results.
For this particular project, the following work will need to be done in order to complete the QFD process:
1. Determine through interviews, surveys, focus groups, etc., the requirements of consumers in the
target marketplace (room 1).
A customer needs survey (titled "Image Capture") has already been done to measure customer
requirements for general camera systems. This is an excellent starting point for the process. Work
will need to be done, though, to determine if there are any added or differing requirements for a
SUC (e.g., must be recyclable, ability for photofinishers to open, etc.). This will be done by having
the core team sit down and discuss the requirements one by one.
2. Study the characteristics and complaints of the current market, then add these to the demands
found in step one (room 1).
To ensure that there are no overlooked needs, features and complaints of the current market
offerings are considered as customer needs. A method of weighting these needs is determined by
the core team to determine how they fit in with requirements determined during step one.
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3. Determine customer perceptions of our current camera and competitors' products (room 4).
This will involve research into how our camera compares to the competition on a customer
perception basis. I propose (if something similar to this has not already been done) that we supply
ours and the two competitors' cameras to a large number of people (at least 100 - 150) throughout
the US. and survey them on how they liked the cameras. The questions will follow from the
customer needs found in step one.
3a. Determine features on the product that directly affect the customers' decisions at the point of sale.
The core team will meet and, utilizing data from business research, will determine which features
affect decisions at the point of sale.
4. Determine the importance of each customer need (room 1).
This will be based on the data from the Image Capture survey. Some further research may be
required for the Flash camera.
5. Determine metrics for measuring how well customer requirements are met (room 2).
This step and the next will be the largest time consumers of this process, and also the most
beneficial. The purpose is to use quantitative, unbiased measures to determine how well the
product meets the customer requirements. For instance, one customer need is "sharp, clear
pictures". One measure for this might be an aberration measurement of the photographs produced
by the camera. This step will give the team the means to objectively measure different designs, and
will allow us to set meaningful target values based on customer needs and competitors' capabilities.
This step involves the core team meeting to determine what metrics to use. Most of the metrics
defined will come from experience with working with cameras. Some of the more difficult
requirements to measure are those which seem subjective in nature (e.g, "assurance that film is
advancing through camera"). It is the goal of the group to define measurements, to the extent
possible, which eliminates subjectivity (e.g., for the above example, the measurement might be
taking a statistically significant sample of our target market and "measure how many can tell,
without any instructions, if the film is advancing properly").
6. Correlate how well these metrics measure customer requirements (room 3).
The purpose of this is to ensure that all customer requirements have a metric. Each customer
requirement is correlated to the metrics that have been generated (by assigning values of high,
medium, low, and no correlation). This will be done by the core team.
6a. Determine which metrics conflict with each other (room 6).
Determined by the core team.
7. Benchmark competing products using the above metrics (room 5).
Tests will be run on our current product plus the competitors' products.
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8 Determine the most important metrics to focus on based on customer needs
Determined by the core team.
9. Determine the target values for the metrics by studying the current positioning ofproducts in the
market and how they meet the customers needs.
The core team will set target metrics for our product based on customer needs, competitors'
capabilities, and CQD requirements.
The plan was carried forward as outlined. The portions which were not completed
were the determination of the conflicting metrics (the "attic" of the house) and the
determination of the point-of-sale attributes. Also, only a portion of the technical
benchmarking (z25%) was done prior to the author finishing the internship, and because
of this the technical targets had not been set at the time of departure.
4.3.2 QFD Work
This section will cover briefly the actual work that was done in the QFD process,
looking at it "room by room". It will talk about the general steps that were taken as well
as some of the difficulties encountered in trying to implement the process. Following this
section, an overall look will be given to the advantages, criticisms, and disadvantages of
the QFD toot Due to the time spent on, and the importance of; collecting and generating
the needs of the customer (room one), the description of this room has been expanded. It
includes a look at the strengths and weaknesses of the process, as well as recommended
actions for improvement.
Room 1 Customer Requirements
These requirements were culled down from a voice of the customer study that had
already been done for cameras in general The core team met (two meetings) and
determined which were the most appropriate and important customer attributes for single-
use cameras. The decisions on which attributes to use were based on the importance
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assigned to them by the customers in the study, as well as some common sense decisions
on which attributes applied to single-use cameras (for instance, the customer attribute of
"easy to load film" was not included because that attribute had already been satisfied by
the single-use camera concept).
A new voice of the customer study was being done which specifically focused on
single-use cameras. This research was being done in conjunction with BNT and consisted
of the previously discussed interviews in Buffalo and Dallas. The results of this study
would be used to update any missing or unnecessary requirements. The study was still
being done as of December.
Strengths and Weaknesses
· The process that was used to collect the customer needs for this project was
itself a strength compared to what had been done in the past. Although
previous customer studies had been done in the single-use camera group, these
generally did not involve the design team, and thus the results were often
ignored by these team members [author's conversations with team members].
Instead, the design team relied on what they called the "voice of the engineer"
to determine the important characteristics of the design. Thus, the inclusion of
the design team in the actual customer studies was a step towards gaining their
buy-in to the validity of the data generated from these studies. The team
members commented on the usefulness of their being involved with this
process [author's conversations with team members]. This opinion was very
impressive considering the team members were under great time pressure and
did not look favorably on anything that they did not feel helped them with their
design goals.
· Although the process that was used appears to be an improvement over past
methods, there were still some weaknesses with the process. Some of these
were:
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· All of the customers interviewed for the single-use camera needs study had
previously used single-use cameras. No non-users were interviewed.
· Engineers only saw a limited segment of the market that they were designing
for. Although this product is going to be marketed worldwide, the design team
only witnessed U.S. interviews. If the concept of contextual awareness holds
true, and the design team becomes more customer-oriented after participating
in interviews, then only having the members be involved with U.S. interviews
may bias the design towards a U. S. market.
· In the same vein, if the design team is only exposed to the customer interviews,
and not to the aggregate data for the whole market (i.e., survey data), then
they risk being biased towards a single customer's (or several customer's)
viewpoint. During the interviews, the author noted that some members would
"latch onto" comments made by the interviewees (for instance, "thirty-six
exposures is too many") and would extrapolate this comment into a truism for
the total marketplace.
· Another weakness is that the team members were not given the chance to
actually interview the customers. Work has been done [Burchill 1993] which
points to the idea that design team members gain more from the customer
interviewing process when they are actually doing the interviewing. This
allows them to take a "stepping-stone" approach, where they are able to
follow-up on customer comments which they find especially germane to the
design, based on their knowledge of the product. This ability is something a
for-hire market research interviewer will not be able to do because of the lack
of experience they have with the product. However, it must be noted that
there is a fip side to this. Because an outside interviewer will probably have
less pre-conceived notions about the customer needs, they may probe deeper in
areas where a design team member would not. For example, if an interviewee
46
Chapter 4: Quality Function Deployment
stated "I like how the camera feels in my hand", the for-hire interviewer might
probe deeper and ask "why?" (to find out the reason is because of the weight
and balance of the camera) -- whereas a team member interviewing might say
to himsel "Oh, I guess the new hand grip we put on the last design works",
and move on to the next question. This would keep them from finding out the
true driver behind the customer's satisfaction.
Recommended Actions
For future customer requirements work, the author recommends the
following actions:
Look at utilizing the concept of a "customer selection" matrix [Burchill 1993].
This matrix breaks into groups the people that the team would be interested in
researching (see Figure 4.4 for an example). The company should consider
these groups as potential customers and, based on the size of the groups and
other factors, should appropriate the proper amount of interview time to them.
Figure 4.4 Example of "Customer Selection " Matrix
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· Have the design team interact with all major customer segments (i.e., U.S.,
Asia, Europe) in order not to become too biased towards one market. This
may be very difficult in practice to do because of the language barriers and the
expense of having members fly overseas. However, there may be simple ways
of still getting some interaction while eliminating the barriers (videotaping
interviews, translated transcripts, videotaping overseas customers actually
using the cameras without need for dialogue, etc.).
· The design team needs to be made to work with the market survey data in
order not to bias themselves in one direction based solely on one (or several)
customers comments during the interviews. This utilization of survey data is
one of the benefits of the QFD process.
· Experiment with having team members actually conducting interviews of
customers to determine if they can gain more information in this manner. The
team members would need to be trained in interviewing techniques.
Room 2 Engineering Metrics
This was one of the more time-consuming portions of the process, largely because
the idea of coming up with metrics related direct to customer needs was foreign to the
team. Previous metrics were based on design specifications (ie., focal length, aperture
size, capacitor voltage, etc.) and not on customer needs (sharp pictures, easy to hold,
etc.).
To give an example of the difference, in previous projects the "metric" focal
length might be used to measure the customer attribute of "no distortion". All things
being equal, the shorter the focal length, the more distortion there is due to the bending of
light rays, and the less sharp the pictures are. Thus, putting focal length down might seem
to be a logical choice for measuring this attribute. However, the camera designers
recognize that there are other features which can be included in the camera design to
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offset the distortion effect of a short focal length (for example, dual lenses, glass optics,
etc.). Thus, just listing the focal length of a camera design would not truly indicate how
good that camera was with respect to distortion. What is needed is a metric that the team
can look at and instantly know which design best meets the customer need of "no
distortion". Thus, what was generated was a simple test where pictures were taken of a
grid, and the straightness of this grid pattern was measured on the negatives in order to
determine the distortion imparted by the camera. This acted as a direct measure of how
the customer would perceive the distortion of the camera. This is not to say that the
specifications of focal length, aperture size, etc., are not important. These are still the
technical attributes which the design team must consider in order to actually reduce the
amount of curvature in the lines.
As stated above, this portion of the process took quite some time to complete.
Beyond issues such as above, where a variety of metrics were available, there also
surfaced those attributes which were very difficult to measure. Some of the more difficult
types of items were those that involved ergonomic issues such as "comfortable to hold".
It was difficult to come up with a technical metric which the team felt was valid. In these
cases, assistance was looked for from the human factors staff. A specialist from this group
came as a regular to most of the meetings. In these meetings, it was determined that the
best approach to take would be to reference as a metric a human factors handbook which
the group had published. Although the handbook was more general in its suggestions than
many of the engineers might prefer (for instance, one of the guidelines for the shutter
button reads "there should be some noticeable resistance which should increase smoothly
to the pause step"), it did give good baseline fom which to start and from which to
benchmark the cameras. For most of the ergonomic issues, this guideline was a reference.
In the future, if it is deemed beneficial, these guidelines can be further researched and
detailed.
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Other difficult to measure customer needs cropped up as well, such as
"environmentally friendly" or "easy to pocket". For many of these, it was difficult to come
up with an easy to measure metric that made sense. The trick during this portion of the
process was not to get too bogged down. As these difficult to measure metrics came up,
the best plan was to determine its relative importance to the rest of the attributes and treat
it accordingly. Spending too much time hashing out difficult metrics can become very
frustrating for the team (especially if it is their first introduction to QFD). This detail
should be left for the most important needs. Future projects or teams can build on what
the current team is doing and can then better define the difficult to measure needs.
Room 3 Relationship Matrix
This portion of the process was actually done off-line with a couple of people and
was then presented to the rest of the team. There was generally not much controversy or
difficulty in this step since many of the relationship details were talked through in coming
up with the engineering metrics.
Room 4 Customer Perception Benchmarking
This was the most time-consuming portion of the process because it involved
complicated logistics in getting cameras out to almost one hundred consumers throughout
the country. This competitive benchmarking using actual consumers in the field was
something that had never before been tried in the camera division. In the past, competitive
assessments had been done by engineers and designers field testing competitor's cameras,
or through focus groups being asked to comment on cameras shown to them. For this
exercise, however, three (two competitor's and the companvys) flash, single-use cameras
were sent to people throughout the country. These people used the cameras and then
answered a standard survey questionnaire (these same questionnaires were also used as a
tool to measure the designers' alignment with customers and with each other -- as
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discussed in the Research Design section of this thesis). They then sent the cameras and
the surveys back in, received the pictures back, and answered another questionnaire
concerning the quality of the pictures. By doing such a stringent side by side test, valuable
customer perception data was collected which refuted some of the perceptions that
company personnel had as to how their cameras compared with the competition. At the
same time, it also backed up some of these engineers' perceptions.
The cameras were sent out "de-branded", meaning the test subjects did not know
which camera was manufactured by which company. It was decided that the bias of brand
name should be removed from this study, and that only the physical attributes of the
cameras should be measured. A picture of the de-branded cameras can be found in
Appendix C.
It was decided that the purpose of this initial customer testing would be first to test
out the process, and second to gather useful data for the current project. The problem
with using it for the current project was that the time pressures involved meant that by the
time the data was collected, many of the decisions that it could influence had already been
made due to the fast schedule that the team was on. Also, this initial test only involved
U.S. customers, and this camera was being designed for the world market. In order for
this data to be complete, customer tests would also have to be done in the other large
markets as well. On the basis of the results of the U.S. study, the team managers were
impressed enough to ask for plans to be drawn up for a worldwide study. These results
will not arrive for use on the current project, but they should be useful for future projects.
They will also give an indication of the differences between the regional markets which
may be able to be applied to other products as well
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Room 5 Technical Benchmarking
The engineering metrics which were defined in room two were used to run
benchmarking tests on the company's and the two competitor's cameras. Most of the
initial metrics that were tested were ones that were relatively simple (e.g., weight) or ones
for which the company already had a test procedure in place. However, very little data
could be found which showed that these tests had ever been used to benchmark the
different cameras. This author speculates that it was simply never given priority as a task,
because it was not shown directly how it could affect the bottom line. Now, however,
with the test linked directly to a customer need, and that need being ranked in importance
versus the other needs, it is more easily discernible how the benchmarking data can come
in handy in setting targets and making design tradeoff decisions.
Room 6 Roof matrix
Due to time constraints, this portion of the process was left out.
Room 7 Targets
Targets are items which need to be set early in the process, and which are based on
the results of the rest of the matrix. Unfortunately, due to the time flames involved, the
QFD tool was being utilized at a later stage of the process than is ideal. Because of this,
the core team focused mainly on targets for the engineering details of the camera (e.g.,
focal length, voltage for flash output, shutter speed, etc.) rather than on the broader, early-
phase customer needs' targets (engineering metrics).
4.4 Advantages, Criticisms, and Disadvantages of QFD
Much discussion has been placed in print concerning the usefulness of the QFD
process [Cohen 1988, Hauser & Clausing 1988, Sullivan 1986]. However, little is ever
52
Chapter 4: Quality Function Deployment
written about the potential side-effects or disadvantages that the process may inflict. This
section covers both the advantages and some of the possible disadvantages of
implementing QFD, as well as criticisms. While this author feels that overall the process is
usefid, it must be understood that there is a time and a place for everything and that there
will be many product development scenarios where the use of QFD does not make sense,
or where the use of a modified version would make more sense.
The most important aspect to remember about QFD or any other product
development process is that it is a tool and not a substitute for product management.
Often teams look towards these methodologies as a sort of development "microprocessor"
-- they input all the data and the methodology spits out the correct answer. Of course, this
is not the case, and the fate of any project still relies mainly on the organization of the
group and the decisions they make. Successful product development can be done in the
absence of a structured methodology, and vice-versa, products that have used such
methodologies can fail. These processes must be seen as tools to aid the product
development team. Unless this is the attitude which is taken, teams who look towards
them as blueprints for success will continue to fail.
4.4.1 Advantages
Provides a Disciplined Approach -- an important point to remember about QFD
is that it is not a collection of new tasks that the design team must "go do". Rather, it
places structure to tasks that should already be being done. Most people will not argue
with the importance of collecting and ranking customer needs, determining customer
perceptions, determining engineering metrics, benchmarking, and setting targets. Yet,
many of these same people will argue against utilizing QFD because it "takes too much
time". What they do not realize is that QFD simply provides a disciplined approach to the
tasks that the team should already be doing.
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Focuses on the Customer -- an attitude that many designers have is that they
think ofthemselves as typical users [Hosking & Morley 1991]. Hosking and Morley
dispute the usefulness of this attitude and use a quote from a designer as an example of the
problem:
It's really interesting to watch engineers and computer scientists go about
designing a product. They argue and argue about how to do things, generally with
a sincere desire to do the right thing for the user. But when it comes to assessing
the tradeoffs between the user interface and internal resources in a product, they
almost always tend to simplify their own lives. They will have to do the work;
they try to make the internal machine architecture as simple as possible. Internal
design elegance sometimes maps to user interface elegance, but not always.
Design teams need really vocal advocates for the people who will ultimately use
the interface. (emphasis added)
The need to listen to the customer is not a new concept, and most teams and members
believe that they are following the desires of their customers, but as the designer above
points out, belief and reality are not always the same. The team often needs direction on
how to direct their engineering efforts to meet the needs of the customers. This is one of
the strongest benefits of the QFD methodology. By having a direct match between the
customer needs and the engineering metrics, designers have a better understanding of what
technical aspects of the product affect the different customer desires. It is this ability to
measure how well you are meeting the customer needs that is the main benefit of the
process. For as an anonymous author has stated "you get what you measure".
Drives Customer-Oriented Benchmarking Activities -- benchmarking has
become a popular activity in today's business world. When doing technical benchmarking
on a product, the question often arises as to what are the value-added attributes to test.
Since the purpose of benchmarking is to measure how well your product is doing in the
marketplace, it would make sense to measure those items which have direct impact on
how the customers perceive the product, and those items are the engineering metrics listed
in room two. This is not to say that products should not be benchmarked on a technical
54
Chapter 4: Quality Function Deployment
detail level (e.g., tolerances, manufacturing technologies, etc.), but rather, in a world of
limited resources, let the initial benchmarking activities at the customer level lead you to
the attributes which need to be determined at the detail level.
Facilitates Cross-Functional Teamwork - QFD can enhance the communication
levels within the core team This was shown in a study by Griffin & Hauser [1992] which
compared the communication levels of a traditional product development team with those
of a team utilizing QFD. Such inter fimctional harmony (communication and cooperation)
can improve the chances of success for the product development team [Souder 1988].
See Table 4.4 for more detail.
Table 4.4 Communication vs Success [from Souder, 1988]
OUTCOME
COM.[MUNCATION
52% 35% 13%
32% 45% 23%
11% 21% 68%
*Percentage of projects in each communication state exhibiting each outcome.
In the single-use camera development team, although no statistical data was
obtained, the QFD process did appear to increase the opportunities for communication;
mainly between the designers and human factors representative, and between the designers
and the business research person. The increased levels of communications came about as
a result of specific meetings being set up to discuss the QFD matrix, which since the
matrix was focused on the customer, could be considered valuable meetings.
Facilitates Organizational Learning -- one problem that often occurs with the
completion of a project is that much of the learning that went on during that project is
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never successfullly transferred to other design teams or departments. The documentation
which goes with the design is often seriously deficient [Rzevski 1984 from Hosking &
Morley], perhaps because people underestimate the difficulty of the problems they pass on
to others [Hosking & Morley 1991].
One of the most difficult tasks within the single-use camera group was to locate
previous comparison tests and studies between the company's cameras and the
competition (what were the flash ranges of the cameras? which camera did the customers
prefer from a styling standpoint?). While in many cases these tests simply had never been
done, in some cases, it was simply a matter of data that had never been fully documented,
or data that languished in an engineer's desk because s/he never had a central repository
with the information.
While QFD is by no means a perfect document of the design process, it does act as
a central repository for the much of the customer-related information. Also, because of its
visual format, it can quickly communicate to future design teams the targets and status of
the previous development project.
Again, it must be understood that these advantages are not unique to QFD. There
are many product development teams that are able to accomplish these advantages
through a variety of self-taught or adopted ways. The advantage of QFD is that it is a
proven framework which a team can start out with and then modify to their particular
situation.
4.4.2 Criticisms
As with any technique, the people who are being taught it often offer thought-
provoking criticisms. It was no different with the single-use camera team. Usually these
criticisms were a result of miscommunication about the goals or purposes of the
methodology. Some of the criticisms that the team members voiced, along with some
responses are listed below.
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It is too Time-Consuming -- this criticism often arises because of the particular
metrics that are used to measure the progress of the team. Since QFD involves more up-
front work with the customer, there is often a longer delay before designers begin to "put
pen to paper". Since the status of drawings are often used as an indication of the progress
of the project, there are often complaints about QFD because team members feel that they
are behind schedule. What they generally fail to see is that the detailed up-front work will
often decrease the amount of changes that they are required to make later in the project in
order to satisfy the customers. Toyota found the detail up-front work associated with
QFD resulted in lower downstream work. This is shown in Figure 4.5.
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Figure 4.5 Startup and Pre-Production Costs at Toyota, Before and After QFD
[Sullivan 19861
January 1977
Pre-OFD
April 1994
Post QFD
(39% of Pre-OFD Costs)
Pre-Production Costs
Start-Up Costs
"I Already Knew That" -- this is the answer that designers and other team
members will sometimes give when they are presented with information from the QFD
process. "I already knew that the customers wanted a smaller camera" or "I already knew
that our flash output was greater than theirs, why are we even doing this" are things that
you will hear from individuals. Yet, while you can find for each piece of information in
the matrix someone that can say "I already knew that," you can never find someone who
says that to all of the information in the matrix. Nor can you find someone who can take
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all of this information and show how it relates to each other the way that the QFD matrix
does. This visual relationship between the various pieces of information is a major
advantage of the QFD process [Keigler 1992].
It Stifles the Designers' Creativity -- the process only stifles the designers to the
point that they have to consider the customers when designing. This author has heard
designers say, "I am too constrained by all of these customer needs; I can't be creative."
Weisberg [in Hosking & Morley] argues, though, that creativity is being able to work
within these constraints:
The more one knows about the criteria a solution must meet, and the greater role
these criteria play in the actual generation of solutions, the better the solution will
be. Thus, if one wishes to solve a problem effectively, one should try to determine
as precisely as possible what criteria the solution must meet before starting work
on the problem, (and) try to keep these criteria in mind as one works.
True creativity is being able to come up with a novel idea that fits in with all of the
customer needs. Creativity without direction is anarchy.9
Not All Requirements are Listed in the Matrix -- this is probably the most
common complaint. Generally only thirty or so customer requirements are listed for a
product or sub-system of a product. While these thirty or so requirements are usually a
small percentage (typically less than 30%) of the total number of requirements that had
been collected, they are considered the most important ones (usually based on the
customer rankings of them). The key point here is to focus on the vital few versus the
useful many. That is why rankings are given to the customer requirements. The
requirements listed in the lower ranking should be satisfied if possible, but the team should
put its efforts into satisfying the most important ones first. If a project team has enough
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resources to consider every customer requirement in detail, then they are probably
overstaffed.
4.4.3 Disadvantages
There is one main disadvantage of QFD, and it is simple -- people put too much
faith in it. This statement may seem strange based on the previous advantages just listed,
but the fact is that many people who utilize QFD either expect the process alone to carry
the project, or they agree to implement it under protest and when it does not give them
easy answers to every question, they proclaim it a failure. Under either of these
circumstances, the projects that utilize QFD will probably be better off without it -- and
for the reputation of the QFD process, it is probably better that they not have used it. If
people go into the process understanding that it is only a guidance tool, and not the magic
"swami" of product development, then the process will be a much more valuable asset to
the team.
4.5 Future Uses
The future uses at the author's internship company for the QFD process, or
processes similar to it, are numerous. One of the company's self-stated areas of
improvement is that of marketing.10 It is felt that the company is not particularly good at
discovering market needs and then developing goods to meet those needs. However, a
large number of resources are available which can make them a very powerful player in the
marketing arena. They have resources available in the areas of business research,
marketing, design, etc., that most other companies would envy. If they can determine a
1ONote: this is not the function of marketing, but rather the task of marketing. This describes the ability
of the company to understand the marketplace and then design and develop products to meet the needs of
that market. This cuts across many functions - from sales to engineering to manufacturing to the
traditional marketing function, et al.
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basic process which will link and integrate these functions with the customer, then they
have the ability to turn these formidable resources into a world class marketing function.
Whether the final process that is used is QFD or not, this author would strongly urge the
company, and most other companies, at least to look at the basic framework of quality
function deployment and understand what it is trying to accomplish. Then, based on the
industry and the culture of the firm, look to see what aspects of the process fit with what
is trying to be accomplished. For the author's company, integrating and coordinating their
vast array of resources for understanding the customer will be a key to their future
success.
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CHAPTER 5 - UNDERSTANDING THE CUSTOMER
5.1 Introduction
In companies across the United States, the new rallying cry has become customer
satisfaction and meeting the customer needs. In order to manufacture products based on
meeting the customer needs, it only makes sense that the project team must understand the
customer. Yet, many companies and managers assume that team members understand the
customer because of market research reports that they have read, or because the team
members themselves use the products. These assumptions have been pointed out as
possible flaws of design teams [von Hippel 1990, Hosking & Morley 1991].
One method that has been proposed as allowing the team to better understand the
customer is the simple concept of contextual awareness: getting into the customer's
environment. On the basis of the research design outlined in Chapter 3, the author
studied how the contextual awareness technique of detailed customer interviews affected
the team members' understanding of the customer needs. The results of this study are
detailed in section 5.2.
Also important to efficiently developing products that meet customer needs is the
concept of alignment among the project team [Senge 1990]. The definition of alignment
in this case is that the team has a common understanding of the needs of the customer. As
outlined in Chapter 3, this thesis attempted to measure whether customer interviews and
working with a product develop methodology such as QFD would increase this alignment.
The results ofthis study are in section 5.3.
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5.2 Contextual Awareness Hypothesis
5.2.1 Background
In recent years, the idea of cross-functional product development teams has
become an increasingly talked about and embraced concept among companies. Today, a
development team is likely to consist of a mixture of personnel from design,
manufacturing, marketing, field service, etc. Yet, despite these attempts to get cross-
functional input from the team, one task that is often still relegated solely to a functional
specialty is that of determining the needs of the customer. This task is usually done by the
marketing and/or business research functions within a company. It generally consists of a
series of focus groups or surveys that are used to determine the attributes desired in the
marketplace.
This type of procedure for collecting the needs of the customer is generally
considered adequate because most researchers regard such data as what Eric von Hippel
calls "slippery"; it is perhaps expensive to generate, but with a marginal cost of diffusion
(replication and transmission) near zero [von Hippel 1990]. Von Hippel, however, places
forth another view that much data out there that has "sticky" qualities that make them hard
or impossible to replicate and diffuse to remote sites. Basically, what he is stating is that
for some types of information, it is very difficult, if not impossible to collect and transmit
the information from one person or location to another. If this concept is true, then this
would mean that unless those who are directly involved with the design were sent out to
collect the customer needs, then the needs of the customer would not be transmitted to the
design team with high fidelity. This lack of transmission of customer needs would make
the design and development of market-breaking products difficult.
If such research methods by marketing and business research personnel will not
effectively transfer the data from customer to the designers, then how will these designers
be able to create innovative new products based on the customer needs? Since research
has pointed to poor understanding of customer needs as the most important cause of new
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product failures [Rothwell 1974 in von Hippel], a method to ensure that the designers
have a better understanding of customer needs is required.
One method that has been proposed as a way to increase understanding of
customer needs is the concept of "contextual awareness" [Burchill 1993, Moenaert and
Souder 1990 in Burchill]. Contextual awareness is the ability of development team
members to place a requirement statement in the context of the customer's environment
[Burchill 1993]. The proposal is that this contextual awareness will lead to a better
understanding of the customer needs through direct transfer of "sticky" data, and will in
turn lead to more and better product innovation.
In this thesis, one hypothesis that was looked at was to determine if contextual
awareness (consisting of customer interviews) on the part of the designers and engineers
would increase commitment to and awareness of the customer's needs. As described in
Chapter 3, a number of different tests were done to determine if this commitment and
awareness of the needs could be measured.
5.2.2 Results
The data from the three tests (customer reference, perceptual map, and top ten
customer needs) were compiled. Analysis was done", but the results did not support or
disprove the hypothesis that customer interviews would increase the team's commitment
to and awareness of the customer needs. This inconclusive result was due more to
problems with the testing method rather than with any possible ambiguity with the
hypothesis.
While no conclusive results could be determined, there were some interesting
points brought out from the "customer reference" test. This test consisted of interviewing
11 For the perceptual map test, the statistical analysis consisted of running t-tests and F-tests on the mean
and standard deviations. This was done to determine if there were any trends which might show an
increase in the teams understanding of the customer needs.
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the designers both before and after they had sat through interviews of customers. These
interviews were then transcribed and coded for references to customer needs. These
references were then classified under three categories, based on the strength of the
reference to the customer (see section 3.2.1.5 for details of the categories). The results of
these categorizations are shown in Table 5.1.
Table 5.1 Number of CUSTOMER References by Design Team (5 Members) During
Author's Interviews
At first, a person looking at this table may make the conclusion that there is a
significant difference between the before and after interview reference types and that this
may be evidence that the initial hypothesis has some validity. However, notice that the
overall number of references remained the same (these would be expected to increase if
the hypothesis were valid), and that this number was relatively low (twelve total references
for the five team member interviews: each interview lasted approximately thirty minutes).
This combined with the possibility that other factors may have caused the shift in the types
of references that were made make it difficult to profess that the customer interviews had
a positive effect on the awareness and commitment of the designers to the customer needs.
At the same time, the results of this study do not necessarily disprove the hypothesis
either.
Despite the lack of proof of the hypothesis, some interesting information came out
of the interviews which may explain why the hypothesis did not hold for this project.
Previous research has shown that an orientation towards the market often suffers when a
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greater orientation towards time is taken [Burchill 1993]. With this in mind, the author
went back and coded the designers' interviews for references to time. The reference types
are as shown in Table 5.2.
Table 5.2 Subjective Scale of References to TIME Used to Code Team Member
Interviews
The same interviews that were used for the customer reference coding were used
for the time coding. The results of this time coding are shown in Table 5.3.
Table 5.3 Number of References to TIME by Design Team (5 Members) During
Author's Interviews
REERRENCE TVPE
The large number of references (relative to the number of customer references)
may indicate the design team's orientation to time over market. While one might suspect
this given the conditions under which the project was started (as a response to a product
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Type I Reference - References to the time pressure that the team is working under.
Example: Team Member: "We are trying to work under a time
... constraint."
Type II Reference - References to a project schedule.
Example: Team Member: "Keep cost in line and keep it to
schedule."
Type III Reference - General comments relating to time.
Example: Team Member: "Things just kicked in fast"
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that the competition had already introduced), the hope was that while on a macro level
time would be the driver of major decisions (for instance, "we will stick with current
technologies on this design in order to shorten development"), on the micro level the
individual focus would be on meeting customer needs within as short of time as possible.
The above data indicates that this is not the case and that time has been the main focus of
the designers.
Based on these results, the author believes that for this research the time
orientation so outweighed the focus on the market that it made it difficult to measure any
changes in the commitment and awareness of customer needs. This implies that a time
orientation can negatively impact a focus on the market, which other researchers have
noted [Burchill et all. However, this should not be taken to mean that the team should
have more time to complete the project, rather the emphasis should be that they should
have less time pressure. This time pressure comes as a result of feeling that the project
can not be completed in time to meet the needs of the marketplace. In Chapter 6 of this
thesis, the author has studied some of the drivers of time to market for new products. By
understanding these drivers, and by taking the appropriate actions to alleviate the causes
of extended time to market, projects should be able to relieve some of the time pressures
that are present in a traditional product development organization.
5.2.3 Recommendations on Methodology
The methodology that was used to test this contextual awareness hypothesis was
somewhat of a shotgun approach since a priori it was difficult to determine which method
would yield useful data. When dealing with such small groups of people, interviews of the
participants involved will most likely yield the richer data since more numerical tests (such
as the perceptual map test) are difficult to gather statistically significant data from. This
was the case in this research.
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5.3 Common Understanding Hypothesis
5.3.1 Background
Peter Senge states in his book The Fifth Discipline that "the fundamental
characteristic of the relatively unaligned team is wasted effort." By working to bring the
individual parts of the whole into an alignment, a state of synergy can be realized. Thus,
another goal of this author's research project was to determine if a higher degree of
alignment could be achieved by a team working with a structured methodology such as
quality function deployment. As described in section 3.3, the two teams (one a control
group) would be measured at an early stage in the process and at a later stage to
determine if there was increased alignment among the team members. Alignment would
be measured in three tests: definition of customer needs, perceptual map, and top ten
customer needs.
5.3.2 Results
As in the previous research with contextual awareness, the data did not prove or
disprove the hypothesis that was made. For the definition of customer needs test and the
perceptual map test, what was being looked for was a significant decrease in the standard
deviation of the team members' responses. If the standard deviations showed a decrease,
it was initial proof that there was an increased alignment among the team (contingent upon
other Possible Rival Hypotheses being accounted for -- see Appendix D for a list of these
rival hypotheses for both the contextual awareness and common understanding studies).
However, there was no such pattern of decrease in the standard deviations. Although this
might be construed as proof that the hypothesis is false, the more likely answer in this case
is that the research design was faulty as explained in the section below.
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5.3.3 Recommendations on Methodology
For all but one of the tests (definition of customer needs), the author was trying to
measure alignment through using a market research survey which was being distributed as
part of a customer research test. This survey was not specifically geared towards
measuring alignment and may have had too small of a numerical scale to accurately
measure results, especially for such a small sample size.
The definition of customer needs test was actually specifically geared to measuring
alignment of the group. This one has the most validity of the three and would be a good
test to further refine. One possible change here would be more gradations (higher than the
1-7 scale) in order to get a wider dispersion from the teams. Another important aspect of
this test is to have a larger sample size than the author was able to generate (in the end,
due to not all surveys being returned, sample sizes were three and five). If a large enough
sample size is not able to be collected, then other methods of collection need to be
considered. It is also highly recommended that multiple teams (each with large sample
sizes) be surveyed.
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CHAPTER 6: TIME TO MARKET
6.1 Introduction
This chapter covers factors that affect the time that it takes to bring new products
to market. It is based on work that the author has previously done. It is applicable to this
single-use camera project because so many of the decisions that were made on the project
were based on getting the camera rapidly to market. Many of the trade-offs that were
made, and the design shortfalls that may arise will be as a result of the time to market
pressure. By understanding the factors that affect time to market, a company may be
better able to decrease delivery pressures as drivers of design decisions. This will allow
the company to focus more resources on the other design goals which most companies
strive for -- cost and quality.
The methodology which was used to come up with the important factors to
consider consisted of reading books, papers, and proceedings that are published on the
subject, and from these extracting what the various authors think are root causes of time
to market pressures. At times, the suspected root cause of the problem was extrapolated
from the authors' suggestions for solutions. Also, based on this author's own experience
and learning's, there are listed some ideas that were not directly stated in the literature
(e.g., the time spent by team members re-learning previous design processes and
decisions). The factors that are listed here are an attempt to be as comprehensive as
possible, but there are no doubt causes that may have been overlooked. The author feels,
though, that the major causes for increased time to market of new products are listed in
this chapter.
Once the root causes of time-to-market pressures were compiled, a method of
grouping them was used which is specifically geared towards the structuring of qualitative
information. This method was developed by Professor Jiro Kawakita and is called the KJ
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method. Its purpose is to group qualitative items without bias from preconceived ideas.
Professor Kawakita is a noted Japanese anthropologist and teacher at Tsukuba University
who developed this method primarily for use in anthropology.
6.2 Results
Once the KJ analysis was done, factors affecting time to market appeared grouped
on four different levels. These were:
· Level of the firm
· Level of the project
· Level of the individual
· Level of the task
These four levels indicate that factors affecting time to market span the whole
organization, from the smallest project task to the strategic decisions of the company.
This is a critical finding, because it asserts that there are many levels at which a company
can look to decrease time to market. The level on which to focus will depend on the firm
and its market. The details of these different levels are discussed in the following sections.
6.2.1 Level of the Firm
The level of the firm refers to the decisions that are made at the upper levels of
management. These decisions deal mainly with how the company sets and determines its
strategies in relation to new product development. At this level the major factor that
affects time to market is that the company is not fully committed to new product
development. Such a lack of commitment is not necessarily detrimental if it is determined
that new product development is not the way to grow the company, but for most
companies this will not be the case.
Some of the ways in which this lack of commitment causes time delays in new
product development are:
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There is no long-term plan/strategy for a product line.
· The company delays development due to concern about cannibalization of
its other products [Reinertsen & Smith 1991].
· The company starves R&D which could be used to develop "off-the-shelf'
technologies [Clausing 1994].
At the start of the project, there is no sense of urgency. A company is much
more willing to commit time and resources at the end of the project than at the beginning.
Many companies may do this because of the attrition rate associated with start-up projects
(they do not want to commit lots of resources to projects that do not proceed beyond the
initial phase). Two of the ways that this lack of urgency manifests itself are [Reinertsen &
Smith 1991]:
· There is infrequent generation of new product ideas. Companies that do
not feel an urgency to get new products on the market do not plan out idea
generation sessions. Often, ideas that would be generated in such routine
sessions do not surface until market pressures force the company to seek
new ideas.
· Managers feel that nothing is being lost if no one is working on the project.
For most managers, the clock does not start ticking until a charge number
has been assigned to the project and people begin working on
development. However, a more realistic attitude that should be taken for
new product development is that the clock never stops.
6.2.2 Level of the Project
Planning is an important part of ensuring the quick completion of a project.
Project plans must take into consideration a wide variety of factors. They also must
account for the unknown. At the level of the project, the following are factors affecting
product completion.
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Factory needs are not taken into account. This is the oft-cited case of throwing
a project over-the-walL In order to overcome this, the factory must have input in how to
design the product to be manufacturable. In addition, the factory must be made aware of
the volume and schedule demands that will be placed upon it [Stalk & Hout 1990].
One of the most difficult parts of project planning is accounting for external
factors. Proper planning for these "unknown" factors will enable the project to move
ahead even when these events occur. Some examples of external factors are:
· Shifting customer needs.
· Competitors' actions.
· Changing design team (employee attrition) [Stalk & Hout 1990].
· Competition occurring within the company for scarce resources.
Sometimes, despite the best planning, resources that were supposed to be
allocated to the project will be required by other projects. At this point, it
is necessary for the current personnel and resources to be flexible and
innovative enough to handle such a situation.
· Supplier delays.
· The uncertainty involved with the development of new technology.
Planning for these factors is not simply a matter of putting contingency funds in the
budget. It must include contingency plans on dealing with each factor over a range of
possibilities (sensitivity analysis). Remember, the actual events that occur are unknowns --
the fact that some sort of event may occur should not be.
Poor measurement process causes uncertainty. Another project level cause of
increased time to market is the inability to accurately measure where the project is with
respect to the schedule [Vanderbilt Proceedings 1991]. This can be especially
pronounced at the front-end of the project [Stalk & Hout 1990], and may be one cause of
the lack of urgency at the firm level; but it is also a problem throughout the entire project.
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There is a lack of training for the development team. If the project team is not
properly trained, the product development process is lengthened. Lack of training can
result in the following:
· Team members must re-learn previous design processes and decisions
made on similar projects. If proper documentation is not kept, and if it is
not used to help the organization learn, future projects will relive past
mistakes.
· There are flawed experiments. Product development often requires
experimentation to determine the best combination of features. Without
setting up efficient design of experiments (DOE's), there will be wasted
time on the present project (the DOE will not give all the information that
was expected of it), and on future projects (the data from the current DOE
can not be usefully applied to future designs).
· The team relies on build-test-fix (rework) cycles to prove the design.
Instead of properly planning out the design, teams will rely on these cycles
to help determine the make-up of the product. This build-test-fix rework
cycle could be eliminated by spending more planning time up front
(including the planning of experiments) [Clausing 1994, et all.
6.2.3 Level of the Individual
All product development teams are made up of individuals, and this level is a very
important focus for decreasing time to market. The individuals on the team must be
properly motivated and led in order to meet the goals of the project. Some of the
important employee abilities and skills that can affect the time to market of a new product
are:
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The team lacks a leader with the proper skills. The leader is a critical element
of the team and there are numerous factors which will affect the project if the leader is not
capable of managing them properly.
· Leaders who have a strong technical background sometimes get too
narrowly focused in the technical details, at the expense of project
management [Reinertsen & Smith 1991].
· Organizational roles within the team are not defined [Chapman & Bahill
1992].
· Team membership is not well defined.
· Teamwork is not facilitated well
Management personnel are not decisive.12 Management makes many decisions
which affect how the team approaches the project. If they do not make it clear who the
project leader is, or if they set conflicting goals and performance incentives for the team,
then the confusion and loss of morale that occurs will hinder the progress of the project.
Team members' attitudes play a role. Having highly motivated team members
can often speed a product to market. Members who are enjoying what they do will be
more focused on the project and more willing to put in extra time. Thus, the attitude of
the team members must be taken into consideration. Some attitudes relating to product
development which have been pointed out in the literature are:
· Engineers do not want to be involved in fast product development teams
[Reinertsen & Smith 1991]. This is most likely due to the higher levels of
stress associated with such projects.
· Unstable design interfaces (i.e., changing designs) cause human
performance problems because people "slow down" their efforts in
12 Management personnel and project leaders are considered different in the context of this paper. The
project leader is the one responsible for the day-to-day operations of the group. Management encompasses
those who are not working directly on the team, but who have some sort of control over what the team
does.
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anticipation of future changes [Reinertsen & Smith 1991]. It becomes
frustrating for team members when the work they have just completed
becomes useless because something else in the design has changed. In
these cases, designers may slow down their work so that they can "watch"
the situation around them and wait for other portions of the project to
become set. This waiting creates a sort of Catch-22 between the different
areas, and slows down the iteration process which is common in
complicated designs.
Employees who have been assigned to the project do not "feel" a time
crunch at the beginning. They believe that, if necessary, the time can be
made up later.
There is not a clear goal for the team. It is difficult for team members to work
well together (be aligned) when they have different visions of what the product should
represent [Vanderbilt Proceedings 1991]. The drivers for this lack of a clear goal are:
· Separate marketing and engineering specifications are kept.
· Customer input for the product is not understood by all team members.
· Creeping elegance occurs (more "bells and whistles" being added as the
project progresses) [Clausing 1994].
6.2.4 Level of the Task
The most basic level of new product development involves that of the task. These
are the everyday activities (running a test, holding a meeting, designing a part, etc.) that
must be done in order to design the product as a whole. At this level, there are two main
factors which affect time to market.
Every task requires a finite amount of time. If the time it takes to do individual
tasks is not optimized, then the time it takes to get a new product to market is increased.
In order to optimize tasks, they first need to be looked at to determine whether they are
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necessary (value-added versus non value-added). Possible examples of non value-added
tasks are rework of previous designs, bid solicitations, design reviews, travel time between
sites, etc. If ways can be found to eliminate these activities, then time will be saved.
Those tasks that are value-added must then be looked at to see how they might be
optimized.
A large time driver of the time to market of new products is the physical design of
the product itself. This is the time the engineers spend solving the technical details. The
time it takes to complete these tasks increases as the complexity increases, and this
complexity increases with the following:
· Degree of integration between components
· Precision required in the design (tolerances)
· Number of interfaces (both internal to the part and external)
· Amount of new technology
Variability in the design process affects the time to market of new products.
An analogy for this effect is that of the manufacturing floor, where variation of one
process in a series of processes can cause a decrease in product throughput. The same
applies for the design process. As people and resources are utilized at an ever-increasing
rate, variations in the time it takes to complete an individual task has an increasing effect
on the time it takes to complete the project [Nguyen 1993, Ulrich 1993]. This idea is
based on queuing theory. Its application to the design process implies that lowering the
variability oftasks, and having "lower" personnel and resource utilization rates, can help
decrease the time to market of a product.13
13 For a simple introduction to this concept of queuing theory (as applied to manufacturing), Eli Goldratt's
"The Goal" is a worthwhile book to read.
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6.2.5 Causal Relationships Among the Factors
The different factors listed in the above sections should not be viewed merely as a
list, but should be looked at as part of a cause and effect diagram -- with some of the
factors affecting other factors. The causal relationships between the major factors is
shown in Figure 6.1 (next page).
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Figure 6.1 Causal Relationships of Factors Affecting Time to Market of
New Products
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This diagram points to those factors which have strong causal linkages (the weak
linkages are not shown). In order to understand its structure, examples of each major
linkage follow. Take the relationship between "poor measurement process" and "company
is not fiully committed". It is based on the idea that the inability to properly measure the
progress and revenue impact of a new development project makes it difficult for the
company to determine the importance of such projects. Because of this, the company is
less committed (with funds and resources) to these hard-to-measure product development
projects.
This "poor measurement process" is also linked with "variability in the design
process". If the company cannot properly measure progress on the project, it makes it
difficult to understand and control the variability in the processes. Another driver of this
"variability in design" is the fact that every design task takes a "finite amount of time".
When a task takes time, it means there is opportunity for variability to occur in that
process.
Another linkage is that between "variability" and "poor project planning". These
factors have a dual linkage, which means they both have strong effects on each other. By
not accounting for the randomness in the design process during planning, project schedule
problems may occur. Likewise, if a project plan errs in estimating the type of equipment
and expertise required, then the time to accomplish the particular design processes
requiring those resources will increase.
"Individual's skills" can affect "project planning" because it is individuals who must
schedule and manage a project. If the individual's training and experience is not adequate
for these responsibilities, then poor planning decisions may be made.
Finally, the company not being fully "committed to new product development"
often means that the company does not look long-term at product development projects.
This lack of long-term thinking can cause "poor project planning" to occur.
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These causal relationships will not be new revelations to most managers, nor will
recognizing them instantly show the hapless project manager how to decrease time to
market. Understanding them, however, will give the company some directions on where
to focus its resources to begin decreasing the time it takes to bring new products to
market.
6.3 Conclusions
There are numerous causes which affect the time to market of a new product. The
challenge is to first determine what the actual root causes are, and then determine
solutions. This chapter has attempted to list the main root causes and their causal
relationships. Four levels of factors were found to cause delays. These are the level of the
firm, project, individual, and task. These levels encompass the whole spectrum of the
company. While this information does not narrow down the search for solutions to time-
to-market pressures, it does make the reader aware that all portions of the company
should be candidates in the search for solutions.
The most difficult portion of this time-to-market analysis was trying to separate
root causes from possible solutions (e.g., is a cross-functional team the solution to some
of the problems listed, or is the lack of such a team a root cause itself). It is extremely
critical to recognize the difference between solutions and causes. Unless this is done, a
company will be destined to implement ineffective solutions to the problem of lengthy
product development cycles.
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CHAPTER 7: CONCLUSIONS
A recent study by the consulting firm of Deloitte & Touche "indicates that
Japanese executives boast greater abilities for rapidly introducing new products and
increasing the volume of new products introduced. These capabilities, rated as 'A-' by
Japanese executives, in combination with a focus on increasing the features and aesthetics
of new products, indicate that U.S. companies should continue to expect an escalation of
the 'product variety wars' by the Japanese." [Focus January 1994] Such an escalation does
not bode well for those companies who have inefficient methods of developing new
products. Companies in the 1990's are beginning to focus on the product development
fimction as companies in the 1980's focused on the manufacturing function. Efficiency in
design and development will become increasingly important. The purpose of this thesis
was to look at methods to increase the efficiency of product development teams by
understanding a number of different concepts:
structured product development methodology (quality function deployment)
What are the benefits and disadvantages of using such a process?
contextual awareness hypothesis
Is the awareness and commitment of the team members to the customer needs
increased by exposing them to the 'context' of the customer usage? For this
research, this consisted of conducting customer interviews.
common understanding hypothesis
Does working with a structured product development methodology increase
the alignment of the team members towards the customer needs?
market vs. time orientation
What are some of the root causes of time pressures for product development
teams?
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7.1 Quality Function Deployment
Quality function deployment was seen to be a useful methodology for structuring
development activities that should already be occurring on the project anyway. By linking
benchmarking, market research, and target goals back to the voice of the customer, QFD
can also help ensure that the team efficiently applies its resources to the goal of creating a
product that meets the customer's needs. However, it must to be understood that QFD is
only a tool, and its use will not ensure success for the product, nor will its non-use ensure
failure. The team must look at the basic structure of the process and adopt it for the
project at hand. For American companies, adopting the rigidity and structure of the
process may not bear the same results as it does for Japanese companies. In fact, it may
be counter-productive, since it is this rigidity that frustrates many Americans when using
the process. Cultural differences among countries, and even among companies, require
that the process be adopted to fit with the culture of the group using it. It is this
recognition of QFD as a tool that can be modified to fit the group that will make the
process a useful one in product development.
7.2 Contextual Awareness and Common Understanding Hypotheses
With the concept of "sticky data" meaning that customer needs might be more
difficult than previously thought to transfer from marketing to the design team, the idea of
contextual awareness becomes more important. By having the design team go out and
work with the customer in their environment, it is hoped that the "sticky data" will be able
to be unstuck by the people (the designers) who are going to have the greatest leverage in
producing a product that will meet the needs of the marketplace. While the research from
this thesis did not point to any conclusive results in this contextual awareness area, there is
still plenty of previous research in this area that indicates contextual awareness for
designers is a worthwhile goal to pursue.
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The other hypothesis tested during this thesis was that the team members could
gain a common understanding (or alignment) of the customer needs by working with a
structured product development methodology and through interfacing with the customer.
While this thesis study did not prove this hypothesis either, neither did it disprove it. It
appears that the results were inconclusive as a result of the small sample sizes of the data,
aLs well as the strong overriding focus on time vs. market within the project team.
7.3 Time-to-Market Causes
Since there were no conclusive insights into the two hypotheses that were
originally outlined in the research proposal, further research was done on the topic that
was felt to be one of the drivers for these inconclusive results: time-to-market pressures.
Because of the increased time pressures of the project, the team's focus was on time vs.
market. This author researched the root causes of these time pressures on product
development teams and found them to be spread across four levels. These are:
· Level of the firm
· Level of the project
· Level of the individual
· Level of the task
By understanding the root causes of product development time pressures, and by
recognizing that they span the whole hierarchy of the company, management will be better
able to develop plans which will attack and eliminate these root causes of time pressures
for product development teams. This in turn will allow these teams to focus on the needs
of the customers and less on the needs of the schedule.
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APPENDIX A: Levels of Contextual Awareness
[from Burchill 1993]
High
Intervention
with User
Low I
phone call to customer site interview
-- Inter views 
field service calls
Process Participation
human performance lab field observations
Participant Observation
Far Close
Distance from
User Environment
There are a number of methods for collecting data from your customers: in-person
interviews, telephone interviews, laboratory observation, etc. All of these are different
levels of contextual awareness (understanding the customer through interacting with
them). The figure above plots a number of different exploration methods on a two-
dimensional map showing degree of intervention with the user vs. proximity to the user
environment.
Interviews involve high intervention with the customer -- an interviewer asking
questions and follow-up questions based on the answers. These may occur either close to
the customer's environment, as in a visit to a customer's office, or further from the
environment as in a phone interview.
Process participation involves some intervention and is by its nature closer to the
customer's environment. This may involve sending engineers to the field to engage in a
dialogue with the customers while they observe them using the product.
Participant observation involves low intervention and can range from close to far
fom the customer's environment. Observing customers use of the product from behind a
one-way mirror is an example of this kind of research.
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APPENDIX B: Definition of Customer Needs Survey
How much do you agree/disagree that the given definition defines the customer need?
Customer Need Definition
1) Camera gives me sharp/clear pictures Picture is not blurry.
Strongly Strongly
Disagree Agree
1 2 3 4 5 6 7
2) Want picture to look the way I see it The view I compose in the viewfinder is
what I see in the print.
Strongly Strongly
Disagree Agree
1 2 3 4 5 6 7
3) Clearly see the picture I want to take Camera has viewfinder framing aids.
Strongly Strongly
Disagree Agree
1 2 3 4 5 6 7
4) Take good pictures at any distance The picture is not blurry no matter what
distance I take it at.
Strongly Strongly
Disagree Agree
1 2 3 4 5 6 7
5) Take good pictures under any lighting conditionsCustomer does not have to worry about
when to use the flash.
Strongly Strongly
Disagree Agree
1 2 3 4 5 6 7
6) A durable/sturdy camera Camera will not break while the customer
is using it.
Strongly Strongly
Disagree Agree
1 2 3 4 5 6 7
7) Camera that is "proper" weight Camera shouldfeel balanced
Strongly Strongly
Disagree Agree
1 2 3 4 5 6 7
8) Small enough to keep it with me all the time Camera will fit in my pocket.
Strongly Strongly
Disagree Agree
1 2 3 4 5 6 7
9) Camera is environmentally friendly Camera does not end up in a landfill.
Strongly Strongly
Disagree Agree
1 2 3 4 5 6 7
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APPENDIX C: Photograph of Single-Use Cameras
(De-Branded Cameras Used for Customer Perception Benchmarking)
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APPENDIX D: Plausible Rival Hypotheses
Below are listed some plausible rival hypotheses (PRH) for the hypotheses tested
in the author's research. These hypotheses were brainstormed during the research plan.
They document other possible theories which might confound the hypotheses which were
being tested. For the initial stages of the thesis work, the PRIFs were considered in order
that a research plan might be developed which, to the extent possible, eliminates the PRHts
as possible theories. In later stages, these PRHMs were once again checked to determine if
they might be possible drivers of the research results.
(1) Contextual Awareness Hypothesis
a) before/after "customer reference" test
· team has been "given" a new direction by management (stronger
customer focus)
b) before/after "perceptual map" test
· team sees technical benchmarking data between surveys
t· eam sees customer perception survey data from "100 camera" test
between surveys
c) before/after "top ten customer needs" test
· team sees customer perception survey data between surveys
d) before/after "definition of customer needs" test
definitions are too binary
· not everyone on the team has seen the same interview
(2) Common Understanding Hypothesis
a) team 1/team 2 "perceptual map" test
· team 2 is not very familiar with the competitor's cameras because they
are currently only working on sustaining engineering and not product
development
· team l's common understanding is driven by the fact that they sit and
work close to each other, not because they have worked closely with
the VOC
b) team l/team 2 "top ten customer needs" test
· same as above
c) team l/team 2 "definition of customer needs" test
· definitions are too binary
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